SUMMARY A randomised controlled trial has been performed in 150 patients undergoing biliary operations to determine whether an antibiotic which is excreted almost entirely in bile (rifamide) is to be preferred to one having satisfactory serum levels only (gentamicin). Patients were allocated to one of three groups: 50 received gentamicin, 50 received rifamide, and there were 50 controls who received no antibiotic cover. In the absence of duct obstruction, rifamide achieved extremely high bile levels but low serum concentrations. However, in jaundiced patients, both the bile and the serum concentrations of rifamide were too low to be of therapeutic value. The incidence of postoperative sepsis was not reduced by rifamide compared with controls. In contrast, gentamicin achieved adequate serum concentrations in 88 % of patients. Despite poor bile levels, gentamicin was associated with a significant reduction of wound infection from 22 % to 6 % and septicaemia from 14 % to 2 % compared with controls. To reduce the septic complications of biliary operations, adequate serum levels of an effective antimicrobial are more important than an antibiotic, which is excreted almost entirely into the bile.
Organisms can be isolated from the bile in approximately a third of patients having operations on the biliary tract (Edlund et al., 1958) . If the bile duct contains stones and the patient is jaundiced at operation, bacteria are present in 90 % of cases (Flemma et al., 1967) . After biliary operations, most of the clinical infections in the wound and in the bloodstream are associated with the presence of bacteria in the bile (Mason, 1968; Keighley et al., 1974) . Therefore, it is those patients with calculous obstructive jaundice who are most likely to develop wound sepsis or septicaemia after elective operation.
Prophylactic antibiotics have been shown to minimise the incidence of sepsis after biliary surgery (Bevan and Williams, 1971) , and it has been suggested that an antibiotic that achieves high concentrations in the bile should be used (Acocella et al., 1968) . Concentrations of antibiotic in the bile in patients having operations for biliary disease are inadequate if the biliary tract is obstructed, even if the antibiotic is normally excreted in high concentrations into the bile (Zaslow et al., 1947; Zaslow et al., 1950; Zaslow and Rosenthal, 1954; Khan and Scott, 1967; Mortimer et al., 1969; Sales et al., 1972) .
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Methods

CLINICAL STUDY
One hundred and fifty patients undergoing operations on the biliary tract were allocated at random to one of three groups. Fifty received gentamicin, 50 were given rifamide, and there were 50 control patients who received no antibiotic cover. Randomisation was stratified to provide equal numbers of jaundiced patients in each group (Table 1) . Instructions were enclosed in a sealed envelope that was opened by the house officer on the evening before operation. Patients in both treated groups received their first intramuscular injection at 6 a.m. on the day of operation and a second dose in the anaesthetic room. After operation, the antibiotics were continued by the intramuscular route eight hourly for five days. (Keighley et al., 1975) . The method of bile cultures was the same in the treated groups and the controls. It is possible that preoperative antibiotics may have influenced the incidence of bacterbilia. However, the dilution produced by inoculating the bile on agar plates was sufficient to allow the growth of the most gentamicin-sensitive coliforms. Conversely, in patients receiving rifamide, the growth of bacteria from the bile may have been inhibited by the higher concentrations of rifamide in the bile. The sensitivity of bacteria isolated from bile to gentamicin and rifamide was determined by measurement of the minimum inhibitory concentration (MIC) using the agar dilution method (Garrod et al., 1973) . Serial dilutions of antibiotic were prepared from fresh solutions of rifamide and gentamicin.
Samples of bile and serum were stored at -30°C for batch antibiotic assay. Gentamicin assays were performed on large plates measuring 32 x 32 cm using Bacillus subtilis as the test organism. The method described by Khan and Scott (1967) was used for the rifamide assays. There was no appreciable difference in the sizes of the inhibition zones when rifamide and gentamicin were diluted with saline, serum, bile, or phosphate buffer (pH 7 0 and pH 8 0). Therefore, in both assays, the standard dilutions were prepared in normal saline. A standard curve was constructed for each batch of assays by plotting the antibiotic concentration (log scale) against the diameter of the inhibition zone measured by calipers at two separate diameters. The antibiotic concentrations in the bile and serum were then calculated from the standard curves. Each estimation was performed in duplicate.
Results
Bacteria were isolated from the bile in 19 of the untreated control patients (38%) compared with 12 patients receiving gentamicin (24%) and 10 cases receiving rifamide (20 %). The differences are not statistically significant. Nevertheless, Escherichia coli was isolated less frequently from both treated groups than from the controls (Table 2 ). In patients with jaundice, the incidence of organisms in the bile was approximately the same in all three groups.
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http://gut.bmj.com/ Antibiotics in billary disease: the relative importance of antibiotic concentrations in the bile and serum 499 were jaundiced. In contrast, only one patient receiving gentamicin developed bacteraemia: this occurred in a patient who was not jaundiced and it was not associated with clinical signs of septicaemia. The incidence of bacteraemia was significantly lower in the gentamicin group than in patients who received no antibiotic cover.
Discussion
These results indicate that antibiotics which are present only in the serum in adequate concentrations are more likely to be effective as prophylaxis in biliary surgery than ones which are excreted almost entirely into the bile. Even if an antibiotic is excreted through the liver, biliary concentrations are rarely sufficient to be effective in the presence of biliary obstruction. The group of patients who are most likely to have an infected biliary tract at elective operation, and who therefore may develop septicaemia, are those with calculous obstructive jaundice (Maddocks et al., 1973) .
In patients who were receiving no antibiotic cover, organisms were isolated in the bile from 73 % of the jaundiced patients but in only 33 % of those without jaundice. In the control patients who were jaundiced, the incidence of wound infection was 45% and bacteraemia was 27 %. Complications were much less frequent in the controls who were not jaundiced (wound sepsis and bacteraemia 15 % and 10% respectively). The influence of antibiotics on postoperative sepsis in the non-icteric patients was the same in both of the treated groups even though gentamicin was not excreted in adequate quantities into the bile. Furthermore, in the jaundiced patients rifamide failed to achieve adequate bile levels. The incidence of bacterbilia and postoperative sepsis in the jaundiced patients receiving rifamide was the same as in the controls. However, even in the jaundiced patients, gentamicin reduced wound sepsis and bacteraemia did not occur.
Rifamide was chosen for this study principally because we wished to compare gentamicin with an antibiotic known to give high concentrations in the bile rather than in the serum. Khan and Scott (1967) have demonstrated that serum levels of rifamide, even in jaundiced patients, rarely exceed the MIC of most Gram-positive organisms and are far too low to be of influence against the 'coliforms'. Rifampicin is more active than rifamide (Mitchison, 1970) . Rifampicin is, however, available only as an oral preparation and is therefore unsuitable for use in patients undergoing operations that may be associated with a period of postoperative ileus. Furthermore, rifampicin, unlike rifamide, achieves satisfactory blood levels, and we were anxious to investigate an antibiotic which depended solely upon biliary concentrations for effective prophylaxis.
Even though there was a significant reduction in morbidity when gentamicin was given to patients undergoing operations on the biliary tract, we would not advise its use in prophylaxis for all patients because of the dangers of nephrotoxicity and damage to the VIII nerve. The dose of gentamicin was inadequate for some of the patients and, for this reason, we would now advise that 5 mg/kg body weight should be given daily in divided doses. The results of this study have shown that gentamicin reduced the incidence of postoperative infection only when the bile contained organisms at the time of operation (see Table 5 ). We therefore advise that prophylactic chemotherapy should be given only when the bile contains bacteria. Methods of identifying patients with bacterbilia during and before operation have been studied (Engstrom et al., 1971; Keighley et al., 1976) so that the indiscriminant use of prophylactic antibiotics can be avoided. Nevertheless, in patients requiring emergency operation, for surgical relief of 
